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(54) ELECTRODE MATERIAL AND MANUFACTURE THEREOF. AND SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a secondary battery, which has high discharging efficiency and in which deterioration 
due to a repeat of charge and discharge is hard to be generated and which has a large charge and discharge capacity, by using 
the activated carbon, to which vapor phase oxidization and liquid phase oxidization are performed in order and in which the 
active material is bound, as a sulfide electrode material. 

SOLUTION: Activated carbon is heated in the air for vapor phase oxidization, and thereafter, hydrogen peroxide is used for 
liquid phase oxidization, and the active material is connected to the activated carbon, and this activated carbon is used for the 
electrode material. At this stage, as the active material, the material, which has a sulfuric atom for cleaving the S-S bonding 
with the electrolytic reduction and for forming the original S-S bonding with the electrolytic oxidization, is used, and this active 
material has a function group to be used for chemical bonding to the activated carbon, and for example, 2-mercapto-benzoic 
acid is used. As an activated carbon, powdery carbon, granular carbon, beads carbon and crushed carbon, which are usually 
used, can be used, but the powdery carbon having a high degree of refinement is desirably used. Activated carbon fiber can be 
used. 
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Partial translation of JP A Hei 11-7959 entitled "Battery 
material, method for producing the same, and secondary 
battery" 



[Claim 1] a sulfide-based electrode material, 
comprising activated carbon which has been subjected to a gas 
Phase oxidation and a subsequent liquid phase oxidation, and 
then combined with an active material. 

[0010] 

[Mode for Embodying the Invention] 

In the present invention, an active material refers 
to a sulfur-atom containing material whose S-S bond is cleaved 
upon electrolytic reduction and is formed upon electrolytic 
oxidation, and the material has a functional group to form a 
chemical bond with activated carbon. l„ the present invention, 
the S-S bond may be a single bond or may be a continuous bond 
such as S-S-S (hereinafter referred to as a -continuous S-S 

bond") (hereinafter these two bonds are collectively referred 

to as "S-S bonds"). 

[0011] 

As used herein, a functional group to form a 
chemical bond with activated carbon refers to a functional 
group which is directly or indirectly bound to a carboxyl 
group or a hydroxyl group on the surface of the activated 
carbon. Such functional groups include a functional group 
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which is bound to the activated carbon when used in 
combination with the so-called coupling agent or the like. 
Examples of such functional groups include an amino group and 
a carboxyl group. Examples of such active materials include 
2-mercapto-benzoic acid, 2 -amino- 5 -mercapto- 1 , 3 , 4-thiadiazole, 
salts, ions, dimmers thereof, 2 , 2 ' -dithiodibenzoic acid (see 
Chemical formula 1 ) , 5,5'- dithiobis ( 2 - amino -1,3,4- 
thiadiazole) (see Chemical formula 2), and 4, 4 ' -dithioaniline. 
These dimmers are synthesized from monomers used as raw 
materials. Other examples include thiosalicyl acid, 
mercaptoacetic acid , 4 , 5 -diamino- 2 , 6 -dimercaptopyrimidine , 3 - 
amino -1,2,4- triazole - 5 - thiol , 2 - thiouracil , 2 -mercapto 
nicotinic acid, and 2 -amino -5 -mercapto -1,3, 4-thiadiazole. 
They are commercially available from reagent manufacturers and 
the like. 

[0014] 

In the present invention, commonly used forms of 
activated carbon can all be used. Examples include powdered 
carbon, granular carbon, bead carbon, and shot. Among them, 
it is desirable to use highly purified powdered carbon. 
Further, the activated carbon in the present invention 
includes activated carbon fibers in addition to the above- 
mentioned common activated carbon. Any activated carbon 
fibers, such as polyacrylonitrile , rayon, and pitch-based 
carbon fibers, can be used regardless of the raw material; 
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however, pitch-based activated carbon fibers are desirable 
since fibers with high specific surface area are available. 
The use of activated carbon fibers is preferable since the 
activated carbon fibers themselves form an electrical network, 
thereby making it possible to reduce the electrical resistance 
of the electrode itself. This effect can be increased by heat 
treating activated carbon fibers at a temperature higher than 
600° C and equal to or lower than the graphitization 
temperature in an inert gas atmosphere to lower the electrical 
resistance thereof. Since these activated carbon fibers have 
a fibrous shape, they can form an electrical network, thereby 
contributing to high rate discharge. Activated carbon fibers 
are usually available in the form of felt, woven fabric, non- 
woven fabric, knit, mat, paper, tow, strand, chopped fiber, 
and milled fiber. However, in consideration of the function 
as an electrical network and ease of handling, desired ones 
are woven fabric, paper (which is made of activated carbon 
fibers and a substance which does not have the possibility of 
causing a problem when used as an electrode material (e.g., 
polyolefin binder)), etc. 

[0030] 

[Immobilization of active material to activated carbon] 

A solution was prepared by dissolving 50 mmol of 
5,5'-dithiobis(2-amino-l,3,4-thiadiazole) serving as an active 
material and 50 mmol of dicyclohexylcarbodiimide in 100 ml of 
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methanol. 5 g of each of the above five kinds of activated 
carbon fibers A to E was put into this solution, which was 
then refluxed at 70° C for 2 days to immobilize the active 
material thereto. Subsequently, these four kinds of activated 
carbon fibers (hereinafter referred to as "ACmo-A", "ACmo-B", 
"ACmo-C, n ACmo-D", and "ACmo-E") were washed and dried. In 
order to confirm that they were immobilized thereto, the amide 
bonds of ACmo were quantified. Specifically, 30 mg of ACmo 
was taken into a flask, and 15 ml of water was added thereto. 
Further, 100 ml of a 40 wt% sodium hydroxide aqueous solution 
was added thereto, and a distillation was performed. The 
distillate was collected into a 2 wt% boric acid aqueous 
solution, and was titrated using 0.01 mol/1 hydrochloric acid. 
The result showed that the amounts of active material shown in 
Table 3 were immobilized. 

[0038] 

(Battery production) 

Using the above seven kinds of positive electrodes, 
the separator (or solid electrolyte), and the negative 
electrode, batteries as illustrated in FIG. 5 were produced. 
Batteries a to e were produced so that the weight of activated 
carbon fibers was the same. 

(Battery evaluation: relationship between charge/discharge 
cycle and discharge capacity) 

Using the battery c and the battery f , their 
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discharge capacities upon repeated charge/discharge were 
checked. Specifically, these batteries were discharged until 
the voltage between the electrodes reached 2 V (this state is 
referred to as "full discharge"). They were then charged 
until the voltage between the electrodes reached 4.5 V (this 
state is referred to as "full charge"). A current value was 
set so that the amount of electricity charged at this time 
could be fully discharged in 1 hour, and charge /discharge was 
repeated at the set current value. FIG. 6 shows changes in 
discharge capacity. FIG. 6 shows that upon repeated 
charge/discharge, the battery f according to a conventional 
technique exhibits a significant decrease in discharge 
capacity, but that the battery c according to the present 
invention using the activated carbon to which the active 
material is chemically bound exhibits a very small change in 
discharge capacity and has a long life. 



